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(54) NEW ELECTROCHEMICAL MEASURING METHOD 

(57)Abstract: 

PURPOSE: To perform measurement with high sensitivity by 
allowing the coexistence of diaphorase and NADH or NADPH 
in a measurement system, and measuring this 
electrochemically using aminophenol as a mediator. 
CONSTITUTION: Diaphorase and NADH or NADPH are 
allowed to coexist in a measurement system, and this is 
electrochemically measured using aminophenol, expressed by 
a general formula, as a mediator. In the formula, any of Rl, R3 
or R5 represents an amino group or a lower alkyl group 
substitution amino group, and others independently represent a 
hydrogen atom, a lower alkyl group, a lower alkoxy group, or 
a halogen atom respectively, and R2 R4 independently 
represent a hydrogen atom, a lower alkyl group, a lower 
alkoxy group, or a halogen atom respectively. Any genesis of 
the diaphorase, from animal, plant or micro-organism may be 
used. The higher concentration to be used is, the higher the 
detecting sensitivity of 4-aminophenol becomes. However 
normally the diaphorase is adequately used so that the 
concentration in electrolytic liquid becomes 10-10M or more, 

desirably 10-8M or more, because when the concentration is too high, electrolytic reaction is 
obstructed. Normally the concentration to be used of NADH or NADPH is adequately selected so that 
the concentration in electrolytic processing liquid becomes 0.1-lOOmM, desirably l-50mM. 
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[H#*3] -K:a;[i]-r^sns75y7xy-;v 

Tftf 375 / 7x/-/I*T**IWffl2 UE«©ft 
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JMSMBfteMttfc. 

HlWfflsj -)RS[i]-e^5ti575y7xy-;p 
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MMH6] *#tW«ffc#«ETS»J(W. 7/WJ'J 

h 5 >Zl7?jr— KXBD-f -»75 / K 

5 (cG*0||£& 
[%gH©#ilfciJ23U] 
[0 0 0 1] 

HaLh©«ffl*HH *«Wtt. flAOnKftKEMett 
[0 0 0 2] 

BWi©**] ffiRftttW^tt. £tot£#©#8r, ft 
Sr. «ttC»*<©$«Ffc*HT. **S#©«l£ifcfc 

* J E5'=7XaR*lfc&9AT?B/Ffl'littT^*ft* 
*<©3SftisiW8IShTV»**». t»"ftlffl*ttfc*V»T 



(2) #88^5-1 9 6 6 0 1 

l r&im n&*tt©— ^ t:Mwstt©«flfi^nwt 

ife*tS>5. c©7iS£fiJfflLfc«»k^«)^ai^fc 

[0 0 0 3] 8P-&, **ffl6fcJ:D*rt^t7xy-^ 
*«Aft*Wfc»fe-r*3&tt (Clinical C h 
emistry 31 #, 9^, 1546-1549 
10 H, 1 98 5¥;Analyt leal C hem is 
try, 5 89, 1 3 5-1 3 9H, 1 9 8 6^5), 

-t 0 £tfL£ 4 -7 5 J 7X/ -*e*«fc 
*ttfc«rr*#tfe (Analytical B i o c 
hemistry, 1 9 29, 9 0-9 5H, 1991 
*f ; B i o s e n s o r s, A Practical 
Approach, 1 0 3- 1 0 7, Oxford U 
niversity Press 19903?). B$ 
fifclCJ; DSyfcUi 1 -*7 h- ^ft«aft*Wfc»e 
■TSTife (#ffl¥3 - 2 1 6 5 4 7«MK» 

it? -pfca. ^n^©7jsn^int>!ss^je 

T. 7xDt>iS*fl:W>t ? -;i'S<l»S^f^X- 
W*E£ £«■£*©#££*?-*«» tLT 

unswrrsatfe mmme 2-157455^ 

ft) Wa-^^-/^1fSftff5tTA<HD 

£T57Ji£ (Biosensors and Bioe 
lectronlcs, 69. 3 0 5~310M, 19 
30 9 1*F; An a 1 y t i c a 1 Chemistry, 
5 79, 2 7 5 4-2 7 5 6H, 1 9 8 5*f*) 
5. Sfc, *ftH#&tt. NADHfc?7*9— ttfc* 
ff3tT75H>m/>iS/r-fI-^-tl, 

UttfilflU fcfcWJBWl'TH* (Rev. Po 
larography, 3 6i, 3 8K, 1 9 90^; 
I n t e r n a t i o n a 1 C on g r e s s on 
Analytical Sciences, 1991, 
Abstract, 6 5 3H«) . L#L&**S, 
40 *#lStt©*«fcWfflL#*4-73y7x/-A»© 
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t lt c n*ww s c t tc«fc o a a c 

[0 0 0 7] -*«[I]fc*T, R l ~R'T?«bSna 

£. 7nfcf;PS, 7:f;>S, 73*a«JR*lfcl~5a 
7;wps (itattt, »tt««nfcTti^D #**tfs 
n. fittHVn+S'SfcUTB, «*.«, ^h+->s. 
xh*3/at 7n#*->S, 7h*->g, 73D^S 

i~5 o7*3**« (MM*, fttstftfrnt 

3*. **, R#«»<IHf6ft«. *&, R 1 , R'i R 5 B, 
#ftl#— 3*»73 / *Xtt«R7^+*Wft73 / ** 

eM7A*MW7s. j&vmymm 

ibTB. ^J«, X?*S, 7DfcM>S, 7 

7 3*ai»***l~5 07J>*** (]BfH 

[0 0 0 8] *5WiT?fflV»6n*S?7*9-«i. *© 

a*Ki»fciHje«ft<, a*, n*. $K£«i©ttn©fi 

*©fe©fcTt>ftK *fc, *©WfflMEH1lt>B£4 

- 7 5 / 7 x y -)i><D#mmim < ©t# * l u 
**®Tra*6±»tt*a38«. ftffmtffiWMl*©* 

«*tl0- 1 0 MELh. fcF * U < BIO- 8 M&-kfc&* «fc 5 C 



(3) #H¥5-1 9 6 6 0 1 

o, 3>7*5— KoiK«*ftiii;ai:fcjS(>Tr*at* 

fc, #W*ffl3>7*?-tf****fcSn*bL&<T 
feSFtrfflTitJffSLK #5gW"CfliV>Sn*NADH 
XBNADPHCDftffl«*B. WdBgan-SfcOTB 

»v>*». a«B«Wffla*f>ojM?*«o.i~ioomM, » 

»575/7xy-m XB73y7x/-;Hi££ 
^UH5ttH*ffliia*^b# (MA«»3fi £■?•©£« 
1(7 3F) t*abt73y7x/-^*i©fi^«, NAD 
H (XIJNADPH) fttte>7*?~Kft^*ertS# 

* )VU 7 h y - a, s^jfx w h -;wp© s h 

fc#4fc 7JV75>, *?^>^©g6B, #IB?ittt 

*«WIC«4«!fiffi!lKIC»TjBV> £n*J18r3J t hX 
B, «*.tth UX-JWMHHWfoyyHWHK, ^BS 

mm. *7Bsts»8t. u>ss»^. -7x3^73 > 
5Sj»-tJvB, ■*E©4Mf"r«v»&n**tfi©*-f 

7, fati©#K©S#-tJVT'b&<> #t;:K££tift 

V». *&, «SfeaS21©^iPfc»TfflV^tlS«ffi© 

*MS£UTBG&* 
SfcMMBiLTBAg/Ag 

ci«c fisft-ffjiatis (sce) num^L <m> 

S£fflV^TfT^5itT?£05. *^©8ISfeBA'-> 
fc 7 a -ft-c bmuD^ttTf? 5 fe WT* *. 
WSS«B^7*5-1?©fPffl«qf L<B*3tukV4l 

«TS.nB^niiT , bfi<, »KiH3esn6 , b©TB& 

a*20~60'C, ff*KBS0~4(rc©«H*6a 

stiK^n*. st, weR©pHfe3>7*9-*©ffffl 
«Gfi/< B*snav»i«T*ntf#rnK:T , bA«»fciH 
ssnsfeotaaw. a^pH5~9©«ffi^»sb 
<fflv>e»n*. ag£*mipHic<fcoT£&5©-r#£;* 

40 n&^**, «IAM5pD8.5©t*tta»50~400mV. ff* 
b<B100~200mVT*5. *f!M©jll3tj*B, Hittf 

mmft&Mfemzmx. mmwma&wthximmo 

fffflfc±Q73/7xy -;VS&jS«ITSft^&ffl 
V\ **H*fc±D**L.fc75/7x/-;WK©«£ 
«IW©««ft*6W»felfefc * owmiH*aHf©s 

feM«fcS* ! iKXBgi^©fi£ J: D ^SfcSJjtfS c 
ft, *y>S^79tf>^5r^x^X-^ 
50 -tT**^tt»W6lB»eSfc5MB"r*©BH«'r* 
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[0009] #5Mi©jErt*fcJ: D«5fcWtBfc. 

7)V*V7*Zy7?— 1?/4 (X&2) -73/71 
Bttt7:j-X7r^-if/4 (X«2) -73/7xx;W 
0 -#5:7 P 4 (X«2) -75771=^ 

*^©M£8«mH:£#iift gui. Mi. 

uns. bps. wmnLMmmn&KtLT&mmaft 
fflfc,k073/7x/ jS«fsft-&«i £SK <t 
UTfflv*. S^K£K.k0jBffiLfc73y7x/-;WS 

^0^fciOiS!lSlI^4#K«+©»lgt, *©S 
g £ ©»*-&£>-& £ LT«09 A «TK©$tl£ ffltfW 

7;k*7'J7*X7?-;$'--if/4 (X&2) -73/7X 
r:jV7*X7x-f h 

Ktt7*X7T^— tf/4 (X«2) -73.S7x~)V 
7*X7x-f I- 

T - 3 h 5 >7><\y3-tr-M/ r--L-9fr* 
3^-4 (X«2) -tFn*->7x>J p 
n>f->>73/'S7W--lf/L-D^>JI/-4 (Xtt 
2) -tHO*->7=U P 

*»WO*fttt±K:*tffcBWte"b, 6S73 
/ll^7'^H1gtCHK3[I]T^;*n*73/7x/ 

-;Hgflt*-©*KSXtt73 y»o«n*e^ixTis# 

L.TV»*ft^***«t LTffi^* C t\Z& DHAttX 

Wf>, XaH7, IIUH7«©Ji««gH?«*ttB 
fcLT, &«7*nT7-m IXf7- tfS©Stttffi 

[0 0 10] #3H8 ©»©£», «WG«*+K:NAD 
H (XHNADPH) tj;7*9— tftt*#a*T7 

3 / 7 x y -;hss x-*- t lx cntw&r 

•SEW*, 4- 73 7 x 

Zt-V&QZ. BPS, «A.tf4-73/7x/-;i^(0 

t>©#«K»8»*«»©»fcictt. 

KM) (Cffi3&S»8cfcBr£M©NADH (XttNAD 
PH) #ig*Rtfjfr£*©S?7*5-' HWEMIAT- 

enmiHMft. ^fs«& («i*.«Ag/Agci«ifc* 

LT150mV) C»»tS«ifi!6«S*fltS*-r2:4:*«S 

Mipf (4-73/7xy-;^tr) mmm 



*fc««e»jrr*. ^©«^s54-73/7xy- 

&ft£C a TK»nH3cftlt»* O 4-73/7x7- 

[0 0 11] *»W©#isfcJ:t)«*.«7A'*'J 
7*X7r ^— K08Ht«**» J: 5 1 f *«*fctt, 
W A«4 - 7 3 / 7 xX^7 *^7i-f h&tfg-rtltf 
RflHHCMgC li *$&ftfH*tt (fllAtfpHlO. 30KB6 
20 ttfftt) fcttft <7MjV7*X7T*-i£&0 £37 

t-cwnu -«emwni!ai#TicE«a*fc«. 

K**©-S*S»DIHU Cft*tt»il/T±B35?tt 
(4-73/7x/ -flHtffl fc ©jW8*E««2t*»©* 

» 7JV* 'J 7 * X 7 7 * - tf Stt«E»OK» t ffl V>T 

K»1>©7** 'J 7 *X 7 r ^-«SttltjWiF«fc*® 

sn*. n. *»w©#st«fc07;v*U7*x77^ 

— tfJSttt«S£lyfc*&fctt. *HilRJM*8 X10- 15 M 
it? M«7xnt>S^^I-^-tLm 

©7JWJ7*X7r^ — tf ©fctuigjrc* sio- 1 ! m 

(#BS8H6 2-1 6 74 6 5*t&«©Fig. 2*9) tit 
[0012] 

jtJkifl. 4-73/7x/-;V£/5Vx-*-fr 

-f y 5- #W =6 A £ 4 - 7 3 / 7 x / -Mitt 
©*^, NADHS^JnU&»^> &r;>'7*7-'«(J: 
NADH©M*t«»U&«^©*'»fc , 3t»TffrtUifc 

«jf-fe;P : 7i"J ^KH^-feJl/ mm. 4m 1 ) 

^7yv-;*J-tf>7VX;?«« (*=0.3 

cm) 
40 Mm : 

#B8«ffi: Ag/AgCl («&»KC1$» MM 
Yanaco ^-7n^57^Mi P-1000, 

[(W)W*mmm (mmmmtmm x-y 

<*S> 4X10- 4 M©4-73/7x/-;V£3tJ0.1 

Mbuz-immmm (m.s> t, rn!co.iM©NA 
DH^jnufcfc©. si;3.3xio-»m©>'7*7— ^ 

tO. lMfflN A D H t tmi Lft fe © 1 1/ 
50 itfc«V», 37±0.3^ KtttXT. »5IS«10raV/fJ> 



(-0.2V±DiE*lfllfc*9l> W-f*>Jydr#^> 

lfc^-T. Hlfr&W&frfciSfc, 97*9— «. N 
A D H#fc*8Hm©#& (a) RtfN A D H ©3-8sJq©£ 
^•(b)fcjt^, -77*5— etNADH©H36rtWiib 

[0 0 131^^2. 2-73>'7xy'-/l'«:;*5V 
X-*- frs*T©-9--f 2 'J vZiSfrZWZkQft 
j£ 

2 -7S/7xy-£fcjl5Vx-*-fclN&jR'e©tf 
*U y**^**? 5AS: 2 -75 y 7xV-JWC» 

<«£«■> mMifcMi;. 

2XlO- , M©2-75/7xy-JVt0.1M© 
KCl*£tI0.1MhU*HlfflWW* (PH8.5) . r# 
cni:lmM©NADHStfl0- 7 MOy7if!7-^ 

mmvith<D*%*!mti,it. cnstsH©**^ 

HT, ±ffiaSS*SfflU#j*fc«Vi, 37±0.3"C. & 
R*T. lS3ljI«5mV/;f* (-0.1VJ:BiE#lSlteil 

^9A*fMtU&. ilg**@2(c^-r. B2*6W6* 
fc«J:3l'. i>7#9— e»«NADH«*JO©»^(i) 
CJt-«, ^7*9— KtNADHt«fcl/fc*^(b)K 
It 7 / -r >f y ? fc* JO L TV» * C fc *»« 
5. 

[o o 1 4] mmm3. 2-75./-A-*?)vy*; 

-HZtTJ x-y--iT**T©"!M0 , J y9$)lf> 

9 U y ?*>*^7A£2 -75 / - 
4 -*^JV7x/-JWi?tf©#&, Rtf3>7*7— tffc 
NADHS«JPV&*-&©**fct3V^T^bJt«L 
&. 

<*S> 2X10- 4 M©2-75/-4-^?;V7xy- 

;vto.iM©Kcis^?jo.iMhux-ja*BW* (pe 

8.5) , &tf;infclmM©NADHftmo- 7 M©i> 7 

««nL&fe©s**K*tL&. ^nets^ 

©**K:pV>T, ±fi»g|MKjaWft&Ktt», 37± 
0.313, »**T. #3lilg5mV/g> (-0.lV.kDIE 
*Wfc»9l) ? U y 7* h 'J -*ff fcV> 

*;Py-*y*yA£ftM35L&. «**H3fc«T. H3» 
SH5*fcJ:5C, 77*y-tfRtfNADHMgs;W© 
»^(B)Cifc^ 5>7*y~tffcNADH*WHLfc* 

[0 0 15]$lkff4 p-^?;i/75y7xy-^£ 



A©ffrS 

p-pig l ;t'75/7xy-;n&^7 i ^x-^-frs* 

7xy-M'»Ol^, NADHSJSJPU&«#, »tf 
S>7*9— KtNADH©H*tWHb&«^©**K 

<#tfc> lXl0- 4 Mfflp-^^;i/75y7xy 

20 ©NADHfcgsJnL&fc©, Rtf4X10" T M©>>7*y 
-1?fclOmM©NADHfc*»tol/&t>©S**ttHi 
hit. En6lt»©**KrJt»T, ±£M£8ft«ffi» 
♦ftfcttfc, 37 ±0.3-0, MWT. ^?I5i«5mV/ 
# (-0.2V±DiE*Wfc#9l) THfUy^H 

>* hy-tffft^^ty^AtffriEut. fie** 

H4fcwT. H4*»6W6*&J:5fc. 3>7**— tf, 
NADH*fc«ra©«£(a)ft»NADH©JMHa© 
•*(b>CK -77*5— tfiNADH©W*tWn 
Lfc»fc(C)fc»i7y-7V y^«««t*«fc»JPUT 

a? w*ctaeM*. 

[ooi6] mms. i>7*7-vmmmm 

o. im h u x -mmm m. 5) *m ^no 
- s m 4-7sy7xy-;i/ ^aeto.iM nadhss 
*fc. h caw** jav»T 3x10 

" 8 M, 7.5X10-»M, 1.9X10-»M, 4.7X10- 10 M©77 
-3UUHHK (PH8.5) 385^1<!:±iENADHjSi«5Ml 

aot±B#j>7*9-iawE5iiitftxu K»ns 

50 »lfta. +0.15VC*tt*««jWg»«€*1-Jltft 
ffcSU ***cnfc±B4-73y7xy-*««5 
plSaPAT, HlfcfcflEV*. B«*T. 37±0.3'CT*« 
•»fc*E*SfT ttV», 0. 15VIC&tt£BS<fc«8if*£;fe 

fc, -77*9-if««©¥*«fcH:WLT*»»jJ»«jp 

[0 0 17] &]fifU. 4-75/7x/-;V©«te 

(«um©^ 

382;tlt3.3X10-'MXa3.3X10- 4 M©^7*5-^ 

m n%*ibm7)V75.> cbsa) mo 4 W i& v 

0.1M NADH*i§IS4/il&aAb. Sc^Wa^Ufc 

ztuz&nmsKD 4-7s./7*;-MQu\m 

aUT, l§5BS^T, 37±0.3TCT*4«m 

fc¥m*nto\ o.i5vic»ita«^*s8*s*>*ai 

fe*S06 (3.3xl0-»M©-77*7— i?Sf« 
«ffl©«^) ROT 7 (3.3X10- < M©5?7*5— 
Steffi ffl*^) H6fttfH7J:0li6*aJ:5 

50 fc. 4-75y7xy-;i^a^t*i;fc*ss*t©g8« 



(6) 

9 

6, «»S5aSt*fc3.3X10- 8 M©j77*9-^#ft 
'>&<£%5X10- 1 °M£T©4-73/7 

x y -^wwu iwc* a c taenia fc. 

[0 0 18] m«0!2. 7/|f*07*X7r*-«Bft 
©ffll£ 

ff»«l Wl*0.25mM©MgCl» t0.1M©4-75/ iff 
7x-;V7*X7x-f h&^rf51St««««E (PH10. 
3) 49tf llCWDU 37TJTflO»Hfiifi:**&. £©S£ 
*10<il«WW£U HT, SttlK 1 ©*ftfc*CT, 
0.1MhUX-fiKS»St (PH8.5) 382ul, 3.3X10 -« 
M©5?7*5— 4tfl&tf0.1M NADH 4/il*Jfl 

****SLfc. «em*08ic^T. H8J:!)H&*& 

*t©H«**-r«ai«tfsjgAsa5itiiita:D, #$e 

tttftXftS. WMtta*f»IC3.3X10-«M©3>7*?- 
■K L &«£©7 JH& 'J 7 * X 7 r £©*ffll» 
#ttl0- 7 unit (4X10- 1 'nol/50tfl = 8X10- l »M) T 

[0 0 19]*JM3. J9 h^y— WStfe©« 

#WI*©/J-»9i'h^-1f«frtT0.lX 
7;V75>?g«tl0M 1 t. 30mM4-73/7i=^ 
/)-D-jtf99ht!9/^HftM«HnKM|t 1 fc* 30 
3mM MgC 1j tO. 1X7^73 >£"gtT0. lM'J >&S 
ffl* (PH7.3) 280M fcWnU 3rCT?W»MElSa* 
fc. £«*eiRftS3ll' (3>J#7tt, UFP2, 

LGC24. ttBSffli 10,000) , **El6*#.lhatt&. 
:©i»0/i 1 ftwatu OT*«W1©^SKUPC 
T 0.1M KCl£^m.lMHJXH6K*fff?K (pH8. 
5) 880 w 1, 2.3X10-'M©^7*9— t?10w 1 Xrfl.0 
mM NADHlOOa 1 *fflWT«*fc*fi**fi!&:M, 

fcST. 0 9 ±09! 3 fc, JJ -#5*1*3^- 40 

«««^£i;^«iu^©m«9tiftSB»nA«9 

SBifttfcr). *»W©£tt>Wit»ttfc»ro»*j:fc 

*»**. *»S!ia!?s^ic2.3xi 



#gg¥5-l 9 6 6 0 1 
0- • M©3?7*5- «WWE Lfc*£© 0 - ii 7 Z Y V 

fr-vamwLmtzomm-es. bxio-^mi/o. 3 

ml =1.2X10" li! MTS5^t^Jofc. 
[0 0 2 0] 

[*W©»*] *«Wtt. 75>>7x>/-;mft>i5V 

>b©tf»o, **n*tt*«ffl-rntf, 

©»aWtt«ffiftj»*ttfc«lM-*±T»4T« fcHS 

[002 1] 
[OT©fl&l|ifciSf!8J 

mi] hi 1 & ntiM * y v v 

[02] H2B3MMI2T!ft6nt*'fd"Jy^#^ 

t^As^-r. 

[S3] H3ttSafc«3T?»6n&'9-'ff Jyi'*^ 
*5f5A<&jS"$". 

U94] H4ttsaw!4Tn»6n&*'f*yy^#^ 

[0 5] HESSOkflB-Tft&nib. 5>7*9— K«t 

tsik«auit©s^£^-r^97'?*a. 

[06] ■ 6H3dM!l'Cft&nfc. ?7*9-fflW 
3. 3X10-»M©*-&©lfMtil^T. 

[0 7] H7tt*««l*fll&nfc. 3>7*9~1M 
3. 3X10-»M©#&©tfc«l£*-r. 

[as] mmmm-?mnitiikm**t. 
[09] 0 9 \zmw 3 snttfcfcB&st. 

[00 22] 

[flW©RW] 

0 1 fc»T (a) fit 4 - 7 3 / 7 x / -;k©*©*-&©, 
(WiCftfcNADHeWlIl/&*S©. tfc(c>tt?7 
tfi N AD H©ffi#£Ss;&nLfc:»£©lH' ? <y £ 
iM^a^A*****. 02t»T(a)»2-72 
/7x/-JV©*©*§£©, (b)BZ:nfc>?7#9— tf 
tNADHSjSJpL&*&©"9-'fi'yy5'#;^ ; &i'9 
A£**S-t\ 03fc»T(a)B2-73y-4-^f- 
;i<7x/-;k©*©«£©, (b)BiiniC'77*9— K 
fcNADHftWnLfc*a©1H jr«J 99*^^9 
AS^^T. 04l:ijT(a)ftp-^f;P75/7x/ 
-;V©#©*-&©. (MttHftfcNADHtMnL&fc 
£©. *fc(c)tt5?7*9— KtNADH©W*S»JB 
Lfc*£©lM*-y?#;l^^5A£**^. 



(7) 



WP5-1 9 6 6 0 1 





(8) 



®BB¥5-1 9 6 6 0 1 




[04] 



















-"V 


-o.2V 




is 




< > 

0.1 V 



-8- 



(9) 



#H¥5-19 660 1 





(10) 



#$¥5-19 66 0 1 



[09] 

5 - 




—10— 



